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Abstract 
This paper presents a method to analyze and forecast the rotate speed signal of one type of aero-engine that is based 
on time series theory by establishing ARMA model, and establishes ARMA (3, 1) model to predict the value and 
transformation trend of rotate speed signal. The application results show that the established ARMA (3, 1) model can 
simulate rotate speed signal series quite well with good prediction accuracy, so it suggests that the method which is 
based on time series and ARMA model can be affectively and applicably used in aero-engine condition monitoring 
and fault diagnosis. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Aero-engine is the most important component of aircraft, and the working condition of its accessory is
very hard, which has the characteristic of high temperature and high load and high pressure, and this trait 
affects the status and operating life of aero-engine. Now the main method that adopted in the aero-engine 
technical support work is condition monitoring, the idea of this method is that the current aero-engine 
condition is reflected by its historical working status signals data that recorded by the flight-parameters 
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record system, such as the rotate speed signal and exit temperature signal and total pressure signal and so 
on. 
All of the aero-engine working status signals, the rotate speed signal can better effectively reflects 
aero-engine working condition, so analyzing the rotate speed signal will provide assistant aid to the 
condition monitoring and fault diagnosis for aero-engine technical support work. But the aero-engine 
system is a essential non-linear dynamics system[1],and the rotate speed signal also shows the dynamic 
character, thus it is difficult to directly arrive at conclusion about aero-engine working condition based on 
the recorded historical rotate speed signal data series without deep mathematical analysis. 
On account of all above-mentioned, this paper puts forward an analysis method that is based on time 
series theory[2] and recorded historical rotate speed signal data series by establishing mathematical 
ARMA[3] model which illuminates the non-linear dynamics essence of aero-engine running condition, 
and uses the established ARMA model to forecast the value and development trend of rotate speed signal 
in a future period, then this paper discusses rotate speed signal forecasting results based on ARMA model 
by comparing with the recorded rotate speed signal. The application results show that the method and 
theory this paper adopts is very feasible to rotate speed signal forecasting, and it can supply reliable data 
support for the condition monitoring and fault diagnosis of aero-engine technical support work 
2. Time series theory 
Time series analysis is a mathematical method which deals observed data series with statistic ways.The 
idea of time series forecasting analysis is that the transformation rule of historical observed data will last 
to the future[2],i.e.the data series will be extrapolated into the future according to the statistical and inner 
correlation of historical observed data.The usual analysis way that time series theory adopts is to establish 
difference equation based on observed data series,Among all the equations,ARMA(autoregressive and 
moving average) model is most widely used[3].The form of a ARMA(p,q) model is usually written as: 
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tx is the observed data series, iφ  and iθ are model parameters, and p and q are orders of the model. B 
is the backward shift operator ( ktt
k xxB
−
= ).Random errors ta  are assumed to be independently and 
identically distributed with a mean of zero and a constant variance of 
2
tσ (white noise). 
The signification of ARMA (p,q) model is that the current data signal can be defined that it is 
combined of the historical observation data with white noise.In this paper, { /1,2,3,t =，tx } represents 
the rotate speed signal data series that is recorded by flight-parameters record system at intervals of equal 
time. 
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3. ARMA model analysis stages  
Using ARMA model to analyze often includes the following stages:data series obtaining,data series 
stationary checking, model structure identification, model parameters estimation, model diagnostic 
checking, prediction analysis based on established model. 
The detailed ARMA model analysis stages are shown as Fig.1. 
Fig.1 The ARMA model analysis process 
4. ARMA modeling analysis of aere-engine rotate speed signal series  
According to the above-mentioned analysis stages,the first step is to obtain historical rotate speed 
signal data series of aero-engine.This paper adopts the rated speed data of one type of aero-engine to carry 
out ARMA model analysis, and the data series is consisted of 200 rated speed data which were practically 
recorded by flight-parameters record system.The data series({ tx }) are shown in Table 1,the former 150 
data is used to establish ARMA model,and the subsequent 50 data is used to compare with model 
forecasting result and evaluate model forecasting precision. 
Table 1 The rated speed of one type of aero-engine (%) 
88.165 88.275 88.275 88.33 88.165 88.165 88.22 88.165 
88.22 88.275 88.275 88.33 88.22 88.22 88.22 88.11 
88.275 88.275 88.275 88.385 88.22 88.22 88.165 88.11 
......    ...... 
88.275 88.275 88.33 88.22 88.165 88.22 88.165 88.11 
88.275 88.275 88.385 88.11 88.22 88.22 88.165 88.165 
88.22 88.275 88.385 88.11 88.22 88.165 88.11 88.11 
Y
N
Forecasting analysis based 
on ARMA model
Estimation of  
ARMA model parameter 
ARMA model validation  
ACF/PACF calculation 
Identification of ARMA  
model structure
 Data series obtaining 
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4.1. Data series stationary checking 
It is necessary for establishing ARMA model that data series is stationary and fits normal 
distribution,the usual checking method is to make sequence chart and histogram of data series. The 
sequence chart and histogram of rated speed data series are shown as Fig.2 (a) and (b). As shown in Fig.2 
(a), the rated speed data series surrounds the mean of 88.285%,it suggests that the rated speed data series 
is stationary. Also as shown in Fig.2 (b), the rated speed data series fits normal distribution, so the 
obtained rated speed data series is suitable for the successive ARMA modeling analysis. 
      
Fig.2 (a) The sequence chart of rated speed series; (b) The histogram of rated speed series 
4.2. ARMA structure identification 
The identification of ARMA structure is to identify the value of p and q. The available identification 
methods that can be adopted include AIC (Akaike-Information Criterion) and BIC (Bayesian Information 
Criterion)[4] and so on. This paper adopts ACF (Autocorrelation Coefficient Function) and PACF (Partial 
ACF) of the rated speed signal series to identify the temporal structure of model. The detailed principles 
of ACF and PACF are as following: if the autocorrelation coefficient ( kr ) tails off, and it is not 
significantly different from zero after lag p, at the same time, the partial autocorrelation coefficient ( kϕ )
cuts off, so it suggests AR (p, 0) process. Homoplastically, if kϕ  tails off, and it is not significantly 
different from zero after lag q, at the same time kr  cuts off and it suggests MA (0, q) process. If kr  and 
kϕ  both tail off, ARMA (p, q) will be fitted to data series.The detailed method is shown as Table 2. 
Table 2 the p and q order identification method of ARMA model 
p q Orders of model 
Tail off 
q orders cut off  
Tail off 
p orders cut off  
Tail off
Tail off 
ARMA（p, 0）
ARMA（0, q）
ARMA（p, q）
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Fig.3 (a) The ACF chart of rated speed series; (b) The PACF chart of rated speed series 
The ACF and PACF plot are shown as Fig.3 (a) and (b), based on the method given in Table 2, this 
paper identifies that the p value is 3 and q value is 1, so the model structure is ARMA (3,1). 
4.3. ARMA model parameters estimation 
In this paper, the least square method[5] is adopted to computed the ARMA model 
parameters( iφ , iθ ).After computation the parameters should be tested whether they are statistically 
significant or not, i.e. the random errors ta  should be tested whether it is independently and identically 
distributed with a mean of zero and a constant variance of 
2
tσ (white noise).This paper adopts t-statistics 
[6] to test model parameters.If the Approx Sig is less than 0.05,a level corresponding 95% of confidence 
interval,it suggests that the parameters are significant.Based on the former 150 rated speed signal data, the 
computation results ( iφ , iθ ) are shown in Table 3. 
Table 3 The estimation results of ARMA model parameters 
Model Parameter Estimates Std Error t Stat. Approx Sig 
AR1( 1ϕ ) .296 .358 .826 .0 
AR2( 2ϕ ) .256 .229 1.119 .0 
AR3( 3ϕ ) .265 .107 2.485 .0 
MA1( 1θ ) .237 .370 -.639 .0 
As shown in Table 3, Approx Sig value of the parameters computation results are 0,it suggests that the 
computation results of ARMA model parameters fit the accuracy request of modeling. According to Table 
3,ARMA(3,1) model of rated speed signal series can be represented as follows: 
13211 237.0285.88265.0256.0296.0 −−− −+=−−− ttttt aaxxxx                                                           (4) 
4.4. ARMA model diagnostic checking 
Whether the equation (1) rationally reflects the stochastic law of rated speed signal, diagnostic 
checking is necessary to be made to ensure the best forecasting model has been built. According to the 
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idea of the model parameters computation, the diagnostic checking is to verify whether the residuals of 
models are white noises, i.e. whether 0)( =taE .
Here, the LB (Ljung-Box) statistic[2,6] is used to diagnostically check the built model. If the Sig.b of 
each lag is zero, it suggests that residuals of model are white noises, i.e. the established model is 
statistically significant and feasible to the successive forecasting research. The calculation results are 
shown in Table 4. 
The LB is written as: 0)(~)()2( 2
1
2
>∀
−
+= ∑
=
∧
mm
kn
nnLB
m
k
k ，χρ ,where n is the number of 
data, kρ  is the autocorrelation coefficient of k numbers data. 
Table 4   The diagnostic checking result of ARMA(3,1) model 
Box-Ljung Statistic 
Lag number Value Sig.b Lag number Value Sig.b
1 30.504 .000 9 76.174 .000 
2 51.067 .000 10 77.010 .000 
3 61.855 .000 11 77.673 .000 
4 68.066 .000 12 77.770 .000 
5 70.728 .000 13 77.779 .000 
6 72.472 .000 14 77.883 .000 
7 73.919 .000 15 78.329 .000 
8 75.149 .000 16 79.158 .000 
As shown in Table 4, the Sig.b value are zero, so the residuals of model can be considered as white 
noise, and the established ARMA(3,1）is statistically significant and feasible to the next rotate speed 
signal forecasting analysis. 
4.5. ARMA model forecasting analysis 
According to the expression (4), the rotate speed signal forecasting expression should be written as: 
1321 237.0265.0256.0296.0 −++−+−+−++ −+++= ltltltltltlt aaxxxx ,
i.e.
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Based on the (4) and (5) expression and interpolation procedure, the successive 50 rated speed signals 
are forecasted, the results of forecasting calculation are shown in Table 5. The sequence chart with the 
recorded value and the forecasting value is shown as Fig.4. 
Table 5   The ARMA (3, 1) model forecasting result and forecasting error  
Observed Value(mm) Forecasted Value(mm) Error（%）
88.2200 88.2200 
 88.2200 88.2201 
…… …… 
 88.1650 88.1540 
0~0.34 
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 88.1650 88.1620 
Fig.4 Comparisons between recorded signal data and forecasted data by ARMA (3, 1) model 
As shown in Table 5 and Fig.4, the forecasting error of is within 0 to 0.0034 and the forecasting value 
can simulate the development trend of rated speed signal with higher accuracy, therefore it suggests that 
the ARMA (3, 1) model can provide reliable, satisfactory predictions for rotate speed signal series 
analysis, and the preventive maintenance program which based on forecasting results can be formulated 
to guide the aero-engine technical support work. 
5. Conclusion and remarks 
This paper applied time series theory to analyze the rotate speed signal of one type of aero-engine, and 
establishes the ARMA(3,1) model to forecast rated speed signal, the important steps of modeling and 
results of model forecasting are presented. As shown in this paper, the idea of ARMA model is very clear 
and the steps of establishing ARMA model are logical. According to the prediction results, the ARMA 
(3,1) model can simulate the value and development trend of rotate speed signal with higher precision, so 
time series theory and ARMA model is suitable for the aero-engine rotate speed signal forecasting 
research, and it can supply reliable data support for aero-engine condition monitoring and fault diagnosis 
and guide aero-engine technical support work. 
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